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AERODYNAMIC CHARACTERISTICS OF A MANEUVERABLE MISSILE
WITH CRUCIFORM WINGS AND IN-LINE CANARD SURFACES
AT MACH NUMBERS FROM (.50 TO 4.63*

By William A. Corlett
Langley Research Center

SUMMARY

An investigation has been conducted in the Langley 8-foot transonic pressure tunnel
at Mach numbers from 0.50 to 1.20 and in the Langley Unitary Plan wind tunnel at Mach
numbers from 1.50 to 4.63 to determine the aerodynamic characteristics of a maneuver-
able missile having cruciform wings and in-line canard surfaces. The angles of attack
were varied from about -4° to 30° and the angles of sideslip were varied from about -4°
to 80. The Reynolds number was 2.5 X 106 per foot (8.2 x 106 per meter).

Satisfactory longitudinal and directional stability characteristics were obtained
throughout the angle-of-attack and Mach number ranges. Deflection of the horizontal
canard provided a high degree of longitudinal maneuverability, particularly at the higher
Mach numbers. Deflection of trailing-edge flaps on the horizontal wings provided effec-
tive roll control with essentially no induced yawing moments. Deflection of the vertical
canard provided effective directional control but also induced an adverse rolling moment.

INTRODUCTION

The primary requirement for a ground-to-air or air-to-air missile is a high degree
of maneuverability throughout a broad range of Mach numbers. Therefore, a number of
missile configurations utilizing various control arrangements have been investigated by
the National Aeronautics and Space Administration. (See refs. 1 to 19.)

The present investigation has been conducted to determine the static aerodynamic
characteristics of a model which simulated a maneuverable missile configuration. The
model had cruciform wings and in-line canard surfaces. The wings in the horizontal
plane were equipped with trailing-edge flaps and the canard surfaces were all-movable.

The investigation was conducted at Mach numbers from 0.50 to 4.63 at a constant
Reynolds number of 2.5 X 106 per foot (8.2 x 108 per meter). The angles of attack were
varied from about -4° to 30° and the angles of sideslip were varied from about -4° to 8°.

*Title, Unclassified.




SYMBOLS

The aerodynamic-coefficient data are referred to the body-axis system except for
lift and drag which are referred to the stability-axis system. The moment reference was

located at 60.2 percent of the body length aft of the model nose.

The units used for the physical quantities defined in this paper are given both in

U.S. Customary Units and in the International System of Units (SI).

A maximum cross-sectional area of body 0.068349 sq ft (63.44 cmz)
d reference diameter (maximum cross section) 3.54 in. (8.99 cm)
Ca axial-force coefficient, AXial force
Cp drag coefficient, %ﬂ
CD,b base drag coefficient
Cp,o drag coefficient at a = 0°
CL lift coefficient, QA
C; rolling-moment coefficient, Rolling moment
gAd
. ACl
¢ rolling-moment parameter, , per deg
B AB B=00 40
H
Cm pitching-moment coefficient, Pltchlr;i?oment
Cma slope of pitching-moment curve measured near zero «
Cm 5 pitching-moment coefficient per degree control deflection
C normal-force coefficient, Normal force
N qA
CNa slope of normal-force curve measured near zero «
Cn yawing-moment coefficient, Yawing moment

qAd



Ch directional stability parameter, A—Cn-) , per deg
‘g AB /2_n0 40
p=0",4

. _ Side force
Cy side-force coefficient, By —
Cy side-force parameter, (ﬂ) , ber deg

B AR 3=00,4°
L/D lift-drag ratio, Cj, /cD
M Mach number
q dynamic pressure, 1b/sq ft (N/m2)
a angle of attack, deg
B angle of sideslip, deg
éch horizontal-canard deflection, positive when leading edge is up, deg
écv vertical-canard deflection, positive when leading edge is to right, deg
b¢ horizontal-wing-flap deflection, negative when trailing edge is up, deg
(subscript L for left, R for right)

xcp/ d location of center of pressure, in reference diameters, from moment center

(positive rearward)
APPARATUS AND TESTS

Tunnels

The investigation was conducted in both the Langley 8-foot transonic pressure tunnel
and the Langley Unitary Plan wind tunnel. These are both variable-pressure continuous-
flow facilities. The 8-foot transonic pressure tunnel has an 8-foot-square test section
and a Mach number range from 0.20 to 1.30. The Unitary Plan wind tunnel has two 4-foot-
square test sections with asymmetric sliding-block-type nozzles which permit a contin-
uous variation in test-section Mach number from 1.5 to 2.9 in the low Mach number test
section and from 2.3 to 4.7 in the high Mach number test section.



Model

Dimensional details of the model are shown in figure 1, and the model mounted in
the test section is shown in figure 2. The body had a fineness ratio of about 11.3. The
cruciform trapezoidal wings had beveled leading and trailing edges with a maximum thick-
ness of 4 percent chord. The horizontal wing surfaces were equipped with trailing-edge
flaps having an overhang balance. The cruciform trapezoidal canard controls also had
beveled leading and trailing edges with a maximum thickness of 4 percent chord and were
in line with the wings. The model was also provided with removable protuberances which
simulated equipment ducts.

Model component designations used are as follows:

wings
C canards
B body with protuberances
By body without protuberances

The complete model configuration is designated BWC.

Tests

The stagnation pressures and temperatures at the test Mach numbers are presented
in the following table:

Stagnation pressure Stagnation temperature
Mach number

1b/sq ft abs | kN/m2 OF Ok
0.50 1906 91.3 116 320
.80 1402 67.1 120 322
.90 1331 63.7 120 322
.95 1306 62.5 120 322
1.00 1286 61.6 120 322
1.03 1277 61.1 120 322
1.20 1256 60.1 120 322
1.50 1390 66.6 150 339
1.90 1585 75.9 150 339
2.30 1910 91.5 150 339
2,96 2700 129.3 150 339
3.95 4800 229.8 175 3563
4.63 6575 314.8 175 353




T i

The Reynolds number was 2.5 x 106 per foot (8.2 x 106 per meter). The dewpoint,
.measured at stagnation pressure, was maintained low enough to assure negligible con-
densation effects. For the tests conducted in the Langley Unitary Plan wind tunnel, the
angle of attack was varied from approximately -4° to 30° at angles of sideslip of 0° and
40, and the sideslip angle was varied from about -4° to 80 at angles of attack of 0°, 10°,
and 21°. In order to assure boundary-layer transition to turbulent conditions, 1/16-inch-
wide (0.159-cm) strips of No. 60 carborundum grit were placed on the wings 0.4 inch
(1.016 cm) behind the leading edge, on the canards at 15 percent chord (measured stream-
wise), and on the body 1.6 inches (4.064 cm) aft of the nose. For the tests conducted in
the Langley 8-foot transonic pressure tunnel, the angle of attack was varied from approx-
imately -4 to 129 at a sideslip angle of 0°, and No. 120 carborundum grit was used for
the transition strip.

Measurements

Aerodynamic forces and moments on the model were measured by means of a six-
component electrical strain-gage balance which was housed within the model. The balance
was attached to a sting which was rigidly fastened to the tunnel support system. Base
pressure was measured by means of a single static-pressure orifice located in the vicin-
ity of the balance.

CORRECTIONS AND ACCURACY

The angles of attack and sideslip have been corrected for deflection of the balance
and sting due to aerodynamic loads; angles of attack have also been corrected for tunnel
airflow misalinement. The results have been adjusted to correspond to free-stream
static pressure acting over the model base. (See fig. 3.)

Based on balance calibration and data repeatability, the data presented herein are
estimated to be accurate to within the following limits:

S ) £0.015
CN or G . . . i e e e e e e e e e e e +0.076
O Y +0.057
Ch oor Cy . . i i e e e e s e e e e e +0.029
O £0.010
M
For M=050t01.20 ... ... ... ... ..o euieenino. +0.005
For M=150t02.96 ... .. .. .. ... 0uiuieenen.. +0.015
For M=395t04.63 ... ... .. ... i iuwneeeneno. +0.050
@ Oor B,deg . . . i e e e e e e e e e e e e e e e e e e . 0.1



PRESENTATION OF RESULTS

A table of the figures presenting the results is given as follows:

Figure

Effect of horizontal-canard deflection on the longitudinal aerodynamic charac-

teristics of configuration BWC. &¢ = 0°; bcy = 00 . . ... 4
Effect of wing-flap deflection and horizontal-canard deflection on the longi-

tudinal aerodynamic characteristics of configuration BWC. &¢ = 0 ..... 5
Effect of component parts on the longitudinal aerodynamic characteristics . . . 6
Summary of the longitudinal aerodynamic characteristics of

configuration BWC . . . . . . . . . . . L e e e e i
Effect of component parts on the sideslip derivatives . . . . . . ... ... ... 8
Effect of horizontal-canard deflection on the sideslip derivatives of config-

uration BWC. 8¢=0 8¢ =02 . .................... .., 9
Effect of wing-flap deflection on the lateral control characteristics of con-

figuration BWC with 8¢, =00 8¢, =0 . .. ... ... ... .. ...... 10
Effect of wing-flap deflection on the lateral control characteristics of con-

figuration BWC with 0¢, = 200°. Sc,, = 00 . .. 11
Effect of vertical-canard deflection on the directional control character-

istics of configuration BWC. 64 = 0°; Sey, = 0° . ... 12

Data in the Mach number range from 0.50 to 1.20 are presented in figures 4 and 7
only.

DISCUSSION

Longitudinal Aerodynamic Characteristics

The longitudinal stability and control characteristics of the model are presented
in figures 4 to 6 and are summarized in figure 7. Deflection of the horizontal-canard
surface (fig. 4) provides effective pitch control throughout the angle-of-attack and Mach
number ranges with little effect on the lift but with a measurable increase in drag. The
pitching-moment increments provided by canard deflection decrease with increasing angle
of attack at the lower Mach numbers, presumably because of a loss in lift effectiveness of
the canard surface. (See figs. 4(a) to 4(h).) At the higher Mach numbers, however, the
effectiveness of the canard surfaces increases considerably with increasing angle of
attack, and a high degree of longitudinal maneuverability is indicated. (See fig. 4(1), for
example.)

The effect of horizontal-wing-flap deflection and horizontal-canard deflection is
presented in figure 5 for the Mach number range from 1.50 to 4.63. Deflection of only



"the wing flap provides a relatively effective means of pitch control at Mach number 1.50.
.The pitching effectiveness of the wing flap decreases rapidly with increasing Mach num-
ber, however. Deflection of the canard in addition to deflection of the wing flap results
in a substantial increase in maneuvering capability.

The longitudinal aerodynamic characteristics determined for various combinations
of component parts throughout the Mach number range from 1.50 to 4.63 are shown in
figure 6 and indicate that the addition of the canard surfaces provides a small increase in
lift and a destabilizing increment in pitching moment. The pitch characteristics indicate
little effect of the canard flow field on the wing inasmuch as the increments provided by
the canard are essentially the same for the model both with and without the wing. The
variations of pitching moment with angle of attack for the complete model are reasonably
linear and, at the higher angles of attack and Mach numbers (fig. 6(f), for example),
exhibit a slight pitch-down tendency that appears to be inherent in the body-wing combi-
nation. The axial-force increment due to the protuberances may be determined by com-
paring the results for the smooth body (Bo) with those for the body with protuberances (B)
and is found to be approximately 5 percent of the total drag of the complete vehicle near
a=0°,

The effectiveness of the canards in providing pitching moment near a= 0° and the
parameters CNa and Cma are shown in figure 7(a). These parameters show the
expected trend with variation in Mach number. The variation with Mach number of cen-
ter of pressure and drag coefficient at a= 0° are presented in figure 7(b). The center
of pressure is shown to move rearward throughout the transonic range to about Mach num-
ber 1.2; however, with further increase in Mach number, the center of pressure moves
forward.

Sideslip Derivatives

The sideslip derivatives for various combinations of model components (fig. 8) indi-
cate satisfactory directional stability for the complete configuration throughout the angle-
of -attack and Mach number ranges. This stability is maintained even though the presence
of the canard surfaces causes a destabilizing increment of yawing moment. Some inter-
ference effects of the canard flow field on the wing are indicated at the lower Mach num-
bers by the fact that the decrement in Cp_, caused by the addition of the canards is
greater with the wing on than with the wing off. In addition, a substantial increment in
C;, occurs at the lower Mach numbers for the complete model as an indication of the
asymmetric flow field effects of the canard on the wing.

Deflection of the horizontal canard for pitch control has little effect on the direc-
tional stability characteristics of the complete configuration but does cause a generally
negative increment of rolling moment due to sideslip (fig. 9).



Lateral Control Characteristics

Differential deflection of the wing flaps provides an effective means of obtaining
roll control with essentially no induced yawing moment throughout the angle-of-attack
and Mach number ranges (fig. 10). With increasing Mach number, the roll effectiveness
of the flaps decreases at the lower angles of attack; however, the roll effectiveness
increases with increasing angle of attack at the higher Mach numbers. The roll control
characteristics are essentially the same with the horizontal canard deflected 20° (fig. 11).

Deflection of the vertical canard provides an effective means of obtaining direc-
tional control throughout the angle-of-attack and Mach number ranges (fig. 12); however,
deflection of the vertical canard also produces a flow field at the wing that induces an
adverse rolling moment. In some instances the induced roll caused by bc, = 20° isin
excess of the rolling moment that could be controlled by a wing-flap deflection of +20°.
(Compare figs. 12(b) and 11(b) at a= 10°, for example.)

CONCLUDING REMARKS

An investigation has been conducted in both the Langley 8-foot transonic pressure
tunnel and the Langley Unitary Plan wind tunneil at Mach numbers from 0.50 to 4.63 to
determine the aerodynamic characteristics of a maneuverable missile having cruciform
wings and in-line canard surfaces.

The results indicated satisfactory longitudinal and directional stability character-
istics throughout the angle-of-attack and Mach number ranges. Deflection of the hori-
zontal canard provided a high degree of longitudinal maneuverability, particularly at the
higher Mach numbers. Deflection of trailing-edge flaps on the horizontal wings provided
effective roll control with essentially no induced yawing moments. Deflection of the ver-
tical canard provided effective directional control but also induced an adverse rolling
moment.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., June 22, 1966,
126-13-02-01-23.
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{a) Concluded.

Figure 4.- Continued.
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Figure 4.- Continued.
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Figure 4.- Continued.



-8

-8,

i
3333553

ﬁa;iE i
a ?Eﬁiiﬁ*ﬁmﬁﬂﬁiliﬁﬂfﬁﬁii,
fin AR A i

i
: ﬁ'ﬁ?-qaaﬁﬁﬂ“ﬁﬂ
S i S A R
CAE i R A R
-4 (0] 4 8 12 6 20 24 -
, deg
(g) Concluded.

Figure 4.- Continued.

27



!

6F

ol

o

S G G i
S e R : T e e e
HEEEE e e

a, deg
(h) M = 1.90.

Figure 4.- Continued.

28



EEE
pEETIEEEameE
R
e
&@%ﬁgﬁm@m

S,
Hoirer

i '@fiﬁﬁ ‘iﬂiﬂﬂ
i .&E&ﬁﬁéﬁ‘“ﬁﬂﬂ*iﬂﬂﬁﬁwﬁw&ﬁ
i e I B
4 8 12 16 20 24 28
a, deg
{h) Concluded.

Figure 4.- Continued.

29



30

a, deg

B M =230

Figure 4.- Continued.



-p

=12

-8

e e L L S R A
"ﬁ@ﬂﬁﬁhﬁﬁmﬁiﬁfﬁﬁ:ﬁﬁﬁ’d&ﬂ!ﬂﬁ“l&;ﬁﬁilﬂﬂiﬁ!ﬂ
‘E ?§§§a= ﬁﬁﬁﬁi ki H

:é‘“ ShoEe
e Rﬂirﬁﬂﬁ*"ﬁ!ﬁ!?”' wndmiﬁﬁﬁlﬂ iﬁ!ﬁﬁﬁ
B e

2ftid

i E?ﬁﬁl!ﬂﬁﬂﬂilﬁﬁﬁiﬁ‘ﬁﬁﬁlﬂﬂiiﬂﬁﬂﬁiﬁﬂﬁmﬂ%@mﬂ
R iiﬂﬁﬁhﬁﬁW!;ﬂiﬁxﬁﬁ%x%ﬁ%i@%%’ﬁﬂ gﬁﬂﬂ”&ﬁi&ﬁﬁﬁﬂﬁﬁ

ih Fﬁi'ﬁ'ﬁﬁiﬁﬂﬁﬁé

il ”‘3&!, E*mﬁﬁ*ﬁﬁﬁiiﬁﬂm
:ﬁlg,iﬂ!?ﬂméfﬁi’ﬂﬁﬁaﬁiiﬁﬂ’ﬁ’ﬁﬁﬂﬁi
i R BRI
EH fsaiﬁmiﬁ;mm'a,mmmm gl |
T G T T
IR R e e e T U R R

4 8 I2 16 20 24 . 28

{i} Concluded.

Figure 4.- Continued.

31



32

fﬁﬁiﬁlﬁ .ﬁégﬁ'ﬂg R
ﬁﬁ“ﬂ@*ﬁﬂﬁiﬁmfﬂbﬁ&ﬂﬁﬁlﬁnﬁ
.ﬁﬁ% ﬁﬂ @m !

L
i R Rl

8 12 16

a, deg

() M= 296

Figure 4.- Continued.

28

32



'*ﬁﬁﬁ*ﬂ%@&ﬁfﬁﬁiﬁﬁiﬁﬁﬁ ;
Eﬁ"%‘?ﬁé@ﬁﬁ'@k@%@ﬂ%@
i g R g R

EEeee e
P e e
i TaE
e

34 ! gﬁ%m i HH
Y
e ]
g i s R SR p E
Eﬂﬁﬁm&ﬂ’:ﬁ' dB

mg #l f
ifgﬁﬁsﬂﬁ@ﬂﬁﬂﬂ’ﬂﬂ‘ﬁﬁuﬁ“”Tlussﬁﬁﬁﬂ
E&!ﬁéﬁk‘ﬁﬁﬁﬁﬂﬁ RS =z R

B ﬂﬂ ‘3’2
é*"’.&ﬁ“ﬁ‘ﬁ’ﬂ“@ﬁ“ﬁ“ﬁaé‘ﬂﬂ""éﬁ’@@

i R L1 0 A L

.....;ii‘;%ﬂkﬂaﬂ%ﬂﬁﬂ‘i@ﬂi’@ﬁﬁ%ﬁﬂﬁ!mﬁgggﬁi I

: Rl A i
il
IR
g Eim?ﬁﬁi&a
st

2 16
a, deg
(j) Concluded.

Figure 4.- Continued.

;\\\



34

i e R
ﬁ*ﬁﬁgimfmms: g%zmmgmﬁzw
h i' i
i

e 'ﬁﬂﬁﬁiiﬁﬂﬁiﬁ‘ﬁmﬁﬁﬁiﬁﬂdﬁ‘h T li%ﬁﬂﬁlﬂ nﬂlﬁﬂﬂlﬁ!!ﬂﬁﬁ.ﬁliiiﬁ.z i ﬁﬁﬁﬁ‘ |¥l g
IHRBIllﬂﬂiﬂi‘iﬁﬂﬂﬁidllliﬁlwhi‘nﬁ'dﬁn Rt f B G HRIE
I A e R R B S
ﬁﬁﬁﬁ‘ﬁﬁﬁﬁlﬂﬁ‘lmﬁllﬂﬂﬂﬁﬁ'ﬂﬁlﬁﬁiiﬁi’ % Ze R i I T L BRI
i RIRRET A AT R R i i R R R Rl i
M S T R M it
B R

(k) M =395

Figure 4.- Continued.



g

HE NS

15

i

12

a, deg

(k) Concluded.

Figure 4.- Continued.

35



36

“fﬁggszmaéggié@g%ﬁ; e

a, deg

(I M= 4.63.

Figure 4.- Continued.

W
;gg,

i

il
I‘?’ 4




[ :E i
: - = @@ﬁmmm "ﬁﬁ*ﬁ
fiHEhimg &*ﬁﬁﬁ‘!ﬁ ﬂ@ﬁﬁiﬁ

8 12 16 20 24
a, deg

(H Concluded.

Figure 4.- Concluded.

37



8¢, deg Sch,deg

e} 0 (e}
4 o -0 0
(o) =20 0]
& =20 20

Cm
8
a C
0
Cn

B

3

BRI
T
e

@ M = 1.50.

Figure 5.- Effect of wing-flap deflection and horizontal-canard deflection on the longitudinal aerodynamic characteristics of configuration BWC.

v

38

L



; “'}!iﬂEﬂﬁiﬁ’iiﬂ%&m&iﬁﬁlé&é&!@!&i@ﬂﬂ
i R SR R

i
%%’ﬁﬁﬁﬁﬁ%ﬁ
@.ﬂiik:ﬁﬁ’iﬁm!@f&%ﬁ@ﬁﬁﬁ

Sf, deg 8ch, deg

0 0
-10 o
-20
=20

o|-

il ammﬁmm :
o mzw&mmmmnmm
AR A
IR BRS RN AR aR SRR sl R R
@Sﬁlﬁi@ﬂmﬂ"ﬂ A e B
L2 ISR AW'mmilﬁﬁEﬁ‘EﬂﬁEﬁE*ﬁmﬂﬁ
nzni?s’siiﬂ“ﬁzﬁ A
IR m!iiiﬂ’!!'iﬁim Bﬂiﬂﬁxﬁﬁi?
“xﬁtiﬂihﬁi"ﬁ’&mﬂi R i

B e

A
o Wﬁﬂﬁ‘ﬂﬂig@;@ﬂ@*m%ﬁﬁ:ﬁﬂi@@%
R e R

i
l‘wl
i :ri

;‘zi:i?‘%'%!ﬁﬁ.’x’ii ZE!!
‘!.

-2

-4 0 4 8 az 16 20 24 28
a, deg
{a) Concluded.

- Figure 5.- Continued.



40

8¢, deg Bch, deg

o 0 o]

4 o =10 (o]
o =20 0
a =20

+ it i
Hig iﬁiﬁﬁ*?‘*‘&!‘é&ﬁ&ﬁlgﬂw
mmmgﬁ Emgw.m

H deg

(b m=19%.

Figure 5.- Continued.



Sf, deg Bch' deg
(o} 0

-0 o]
-20

=£ﬁ@@§@m
g

T
i

e
A M O M

a, deg

{b) Concluded.
Figure 5.- Continued.

= 'wW'm =
@ﬁ@mﬁwgﬁa“&a

i
S R

R
i e e
e SR

41



42

3¢, deg Sch , deg

0
=10
-20
-20

2 R!:l .! :g;u
st
i

i

(c) M= 230.

Figure 5.- Continued.



mﬁgmiﬁﬁﬁi'ﬂﬁ'
R E ) T
S%ﬁ%&&ﬂﬁﬂ
%ﬁ@ﬁ
.ﬁ@% mﬁ@ﬂ@%=
3f,deg 3¢, , deg

0
=10

: '*gammﬁawa@ .
e
o

.4 & ,M‘y
nm‘ﬂ’iﬂﬂﬂl?ﬂiﬁmiﬁlﬂﬂ
-aaméwsgammaa
T e AR R A N R
a, deg
(c) Concluded.

Figure 5.- Continued.

43



44

-6
8¢, deg 8ch' deg

o} 0 0
o =0 0
o =20 0
Py

fift il

it}

i

5 i A B
g S
B i o

i}
i E E ) I i
SHiEEeE: e R S SR e xﬁ!ﬁﬁﬁiﬂﬁﬁ{ e
,ﬁmﬁmmmsmw ..,ammm“mm&aasammmmwmmmm I s
z‘&%l%gglﬁiﬂﬂl AR R i R SR R A Eﬁlﬁiﬂﬁ.ﬂlﬂﬁﬂﬁ‘mﬁmﬁrﬁﬁ!ﬁfﬁlﬁﬁiﬂﬂ

e E ﬂﬁﬁ@ﬁﬁ%‘gﬁﬁ‘ﬂﬁ%ﬂiﬁ S L0 1A B L L O
-p i E?@Q’Eﬁ&'ﬂﬂﬁﬂﬁ&ﬂﬁi&!ﬁmuﬁﬁﬁﬁﬁ@ﬂﬂﬁmﬁiﬂmﬁﬁﬁ'ﬁﬁ.%ﬁhﬁﬂ
-2 -8 o] 4 8 12 16 20 24 28
a, deg
d M= 2.96.

Figure 5.- Continued.



0
-10

R e &
&Wﬂ@%%ﬁ%ﬁﬁ@@' e e
e B R D e R e s
ﬁ@@@ﬁﬁﬁﬁﬁﬁﬂﬁﬁiﬁﬁ
ﬂ%ﬁﬂ%ﬂ&%@ﬁ%ﬁlr gy b
”'mﬁﬁ%ﬁh@ﬁﬁ“dﬁﬁ@sﬂmﬁ

I BRI

i g
mﬁ”ﬁﬁﬁgﬁmﬁﬁﬁ &
B, R i

a, deg

{d) Concluded.

Figure 5.- Continued.

45



46

8¢, deg Sch, deg

0 0
-10 0
=20 0
-20

i
T
i

T

] i
i R A iﬁi i SR N
Bl Khri}fﬁ!ﬁiin" i i Klﬂiiﬂﬁﬂﬂﬁ,ﬂiill!‘ﬁ!iﬁguhs

i
mizﬂ;‘mi
i
.a;m,mmm&m, g
S S
__amma&mmummmmw e
e RaR G .M@

fgi' ﬁ’ﬁ?!ﬁﬁ !dﬁiﬁ B
i i Ll ﬁ‘i‘!‘iﬁi’*iﬁﬁ!ﬁﬁ|lliili£i!§§Iﬂﬂ'*ﬁﬂlﬁiai!ﬂiIIKﬂﬂiﬁ:ﬁﬁiﬁ!ﬁﬁlﬁllﬂﬂlﬂmlﬂl
e 5!" i ﬁlmﬁﬂlﬁlﬂmﬂﬁ‘ﬂiiial‘ﬁﬁﬂ@.ﬁﬁ!ﬂiﬂﬁ‘?lﬁlﬁiﬁlﬁﬁiﬁiﬂﬂlﬂﬂ| !hilﬂﬂHﬁiIB!!lﬁlﬁiﬂ!ﬂﬁiﬁlﬂﬁ?!&sﬁﬂ!ﬁﬂl

;E%Mﬁﬁﬁﬁ&lﬁﬁl&‘ﬁlﬁ!ﬂﬁ HiR iﬂ)ﬁi iﬂﬁiﬂﬁﬁi RK? Iﬁﬂﬁ

igiiiﬁx f%%dﬂéa&iﬁk!ﬁﬂlﬁﬂﬂﬁi ﬁl il

2l -8 -4 0 ST 20 24 28

a, deg

(&) M= 3.9,

Figure 5.- Continued.



i a@ﬂi@&?ﬁ'iﬁhﬂﬁ!ﬂﬁlﬂﬂlﬂﬂiﬁﬁ@lﬁmﬁ
i R IRR R

L T s
%ﬁ";ﬁ‘@!ﬁiﬁﬂ g %HM
e Eﬁ*i‘i‘“"ﬁﬁi [E
ﬁ%ﬁ@@sﬁﬂﬁﬂ!ﬁﬁﬁ’ﬁﬁﬁ%@
i R A B

g
H @ggﬁﬁ 8fldeg schldeq I
f@%ﬁiﬁﬁ!ﬁﬁ
i! P i ik 0 0
i T -10 0
T - -20 0
i R s R -20 20
._ﬁ@!%mﬂ%u%@@@ﬁ“” °

HIEERE 3@ LR ] !
%mﬁﬁ@ﬁ:ﬁgﬂﬁ%@ﬂ@ﬂ i aH)

.:'m
o %ﬁ@ .

>0 D00

@@yﬁﬂm%ﬂmﬁwmm ;
=

: HHIEE IR R i
ﬁ%&ﬂ%ﬁ&mﬂh&%iﬁ'ﬂﬁﬁmﬁﬁ
SRR B L Bl SR R AR (RUAR ORR
i %»ﬁﬁ@ﬁﬁﬁﬁﬂﬂiﬁﬁﬂﬁmﬂﬂiﬁﬁﬁ

e
i e e
IS misammmmm

EE

il 3?:;?“@?%
o LR
TR e i

1t S A A

o e S S R e O R

0 4 8 12 16 20 24 28

-2
=12

a, deg

{e) Concluded.

Figure 5.- Continued.

47



48

SRR
sl Rl R
i

T
ER i i
A R

a, deg

fH M= 4.63.

Figure 5.- Continued.

84, deg Bch' deg
o]

-10
=20




T e R R i
L R R R il

P SHA mREA S
o R s R SR
ﬁﬁ&%fﬁ@ﬁﬁlﬁﬁ@ﬁr i
E%g g@&ﬂ -

T ‘ﬁam“‘m@mlﬁm i e
e
@ - mﬂﬁa%g :

() Concluded.

Figure 5.- Concluded.



50

:?-s!’! --*ﬁﬁﬁﬁil,zl‘ﬁﬂﬁ_ﬁ!@f

(a) M = 150

Figure 6.- Effect of component parts on the longitudinal aerodynamic characteristics.



a, deg

{3) Concluded.

Figure 6.- Continued.

51



-2 -8 -4 o 4 12 1) 20 24 28

(b M= 190.

Figure 6.- Continued.



B E ;
wwwmmmﬂmwwmz@@mmw
s §§§ﬁ -

{b) Concluded.

Figure 6.- Continued.



54

SRR

3 _s&xﬁamm}u

BRI :;; i

H‘!iﬁﬁ i maﬂ

“"gl‘t!ﬂ*'ii f;s-;!gfwssz;&aegimwmfﬂmm

B et R ‘Eﬂrﬁ'ﬁ&ﬁﬁlﬁﬂﬁﬁﬁﬂiiﬁkﬁrﬁﬂmﬁw“‘éilﬂﬁ
-ﬂmmﬁi’r’ﬂu’ﬂ‘lﬁﬁﬁEﬁ‘!ﬁﬁmﬁﬁ&ﬁﬁﬁﬂiﬁiiﬁﬂ MRl R R L

P Hian
:E‘fﬁlﬁﬁg‘isﬁﬁnmﬂ’ as-m;mmwmmm e B

il Al ‘ii%ﬁﬁiiﬁﬂ%ﬂ*ﬁlﬁﬂmﬂﬁﬁﬁﬂ!ﬁgﬁﬂ‘i’ﬂ!ﬁﬂﬁﬁdﬂ
L A ST D T A R

a, deg

c) M =230

Figure 6.- Continued.



:ix;lﬂvumu,pugl"i;’ 33
= e ik

a, deg

{c) Concluded.

Figure 6.- Continued.

R R
FE
T

55



a, deg

d M= 2.96.

Figure 6.- Continued.



i ¥=§s!§51§1'
L E@rﬁ?‘?giﬁ‘eé‘fﬁi'
i‘:" Ia xﬁi;‘k;

2. -8 -4 0 4 8 12 6 20 24

a, deg

{d) Concluded.

Figure 6.- Continued.

57



58

25

-8

(e) M =395

Figure 6.- Continued.




i'ﬂ"iiihﬁuhi. R Illiiﬂillﬁfmilliﬂmiﬁﬁiﬂﬂﬂi
i T R R !Eﬁll%llﬂggg

.Biliiﬁﬁﬁ‘"lim"fi{!‘ufi“ é!ii!ﬁ!"fki e
A e v
W s

e
R

iﬁﬁﬁﬂ!'ﬂﬂiﬁl !
S AT i o i

cii ik
g ﬁ iU R AR e
R iil!i'?'i'iﬁlriﬂii‘ﬁ"Eﬁﬂﬂfﬂliﬁﬁﬂ*ﬁﬁi“ﬁmﬁﬁllﬂﬂtﬂﬁ
%iihﬂﬂﬁiiﬁiﬁﬁiﬁ!{!ﬁ“d’ *‘iﬁﬂ!i"! R M R e O L G
B R, ‘!hﬂ“ﬂl'”!ilﬁx SR R R S
S s e T E
Bl lfilﬁ‘iﬂlﬂi"unﬂ!lﬁli i !*‘lf‘“liﬁ“l!!lﬂfmi!!m'l‘!ilﬂﬂfﬁﬁiliﬂﬂﬂl IR G HRER R
SRR, R Rl ﬂﬁﬂ!!iﬁl‘lli!iﬁilﬁﬂl!lﬂlﬁlhﬁ&liﬂﬁiiﬂxﬂmmﬂﬂ
e T s R e R L GRS M T G R
HIBHIF .nﬂf‘.,!i“m!%ﬁ,i‘i Rl .ﬁisiz,f"ﬁi iﬁifﬁ,idﬂixlhid’é’i"ﬁinﬁﬂﬁﬁ!ﬂﬂ“ﬁiﬂiiilwﬁ!ﬂﬂﬁ[ﬁﬁﬂm
i A R s R R B!Hﬂiliﬂ MIIII
i f‘ﬁiﬁi‘!ﬁdﬂﬂ,ii!!Eiflm"‘iﬁlﬂlﬁﬂl!!ﬂlﬂliillii‘ﬁﬁ'!isﬁli?‘xil'!niiﬂ.iilﬁ’ﬂiﬂli i
i ’i ..E aP il iah diiﬁl ) ﬁihla!i’lﬁ!’iltﬁli.ﬂﬂﬂilﬂﬂ!’ﬂ!ﬂﬂfﬂlﬂﬁl ,ﬁﬁﬁmﬂﬁk
i ﬁﬁﬁﬁlﬁﬁiiiﬂﬁﬁﬂﬂﬂiﬁ it iR S AR R
EiEH ﬂﬂﬁﬁl!ﬁﬁ;ﬂﬁ!Ii!liﬂﬁﬂilﬂiidﬂiiﬂll !I’h.Fi!‘lﬂ!Iﬂﬂl’ﬁiﬂﬂllﬂﬁlﬂﬂﬂﬁﬂﬁﬂﬁﬂﬂﬂ'
’iﬂi"ﬁﬂﬂ!ﬂiiﬁ!lﬂllﬁﬁﬂiﬂi!mIlllltﬂl’l!liliﬂlli; Y !lill A R AR
A RS AR Hﬁﬂ!!iﬂi'lﬁg M A
st u_.g..é...!!!ilﬁﬂ'ﬁﬂ HlEER R ﬁﬁﬁm i ﬂ*i’ﬂﬂ!&iﬁ%‘ﬁﬂﬂﬁ.lﬂﬁ A
S A A AR RN AR S U ﬁﬂﬂi!ﬁﬁdﬂiﬂﬂ!ﬂlﬂﬂiﬂﬂﬁlﬂlﬂﬂﬂiiﬂﬂiﬂﬂlﬂﬂﬂﬂlﬂlﬂﬂ
R !ﬁﬁﬂﬂlhsliiiﬂiﬂiiiﬁlﬂiiﬂnlﬁﬂﬂﬂllﬂﬂﬁﬂ!iﬂﬁ L mmﬁﬁmfﬁﬂnﬁﬂﬂﬁhiriﬁﬂﬂ‘ﬂili!iiﬂi!!ﬂliﬂﬁlIﬂﬂ“!ﬂﬁ!ﬁﬁ‘;ﬂlﬁﬁﬂ!ﬂ
Tﬂxﬁiﬁsiﬁl A T G, SO s A L A e “!ii;!ﬁ“!iﬂﬂﬁliﬁiﬂﬁﬂ
i i R A !ﬁlﬂ!lﬂﬁf M;h!i.gxi Eﬁi*ﬁiiﬂﬂﬂs *iii%ﬁk!!ﬁ!l!lﬁ'!liﬂ!ﬂtl’ﬂﬁ|ﬁ§ﬂﬂ!§ﬂ¥'&¢.«ﬂll§§4§ﬁ§§'¥ﬂﬂlﬂﬁﬁﬂﬁ
iii I A R R nﬁﬁz:zs:mmnugmmmmm
R R lﬂhﬂiﬁiﬂ[R!?lﬁﬂ*ﬂ!liﬂii‘ﬂiif“lliﬂil‘hi‘ﬂ.ﬁliﬂiii‘i‘kdIﬂﬂﬂiﬁiimlﬂmlhiiﬂﬂm}lmﬁ” it R R
; 1 ﬁigﬁ!’%gﬂﬁwiggﬁ%g il Il 5%&;2}5%!&3* ,:iﬁgf‘iﬂiiﬂﬂm llkillﬁ‘liilih'ﬂﬁﬁi!!iﬂiﬁhﬁi

1.! ’ﬂ!.‘
i

A i
s i o
o e mzmmﬂ1umﬂwuimmimmm
A T 3 A s
D e R A A A
I e
A A A AR 3  a
0 0 0 A
il mummmﬁlmnmvmﬂummnmﬂmumumuuuuﬂmlmnmmm:mmmaﬁsummmﬁmwmmﬁmﬁm;mzaum i
O W M R i
gnsszswuﬁ A A R o s I L R )
S 0 05
A nﬁ%ﬁzmﬂﬁmmmﬁ.ﬂﬂlﬁm.;znﬂmluamﬂnmmﬂ,n.imtmmmiaEmmmmuﬂuﬂ" S
B 0 e
T e O e
A 0 S A e
O S B S
S !L“f. B
. mu:zmﬂmmmsmumnuﬂakmsmms!gﬁg;;mzmu;;s B S R
L S
i A

Hent IR ARHHIER
!lliialm;!!hﬂhﬂhﬁiiﬁ'ﬁ‘Iii:lil!!lﬂlﬂl‘illlil!ll!lﬂ!lmllﬂf
R sl R
lli it i ‘ll“!‘IllillllilillliﬂliHHIlﬂiiﬂHHll!Illlltﬂllllltlllﬂl
huflli'!!lllﬁiiﬂlﬂﬁﬂl HIIHEIllﬂilllﬂﬁﬂ:lf'!lllﬂllllmmiﬂlhIIII!KHH‘!II!I[IEIHIHIIH! ﬂﬂﬂl zmmd!am.t II!!III!IH!I!I!II
‘iﬂliﬂﬂﬂlﬂﬂﬂlm&ﬂ! Rt R U R ARG
"!!!ﬂlﬂlﬂﬂ'ﬂlllﬁu'ﬂﬂﬂlﬁlilﬂIIﬂHEBBI!IIﬂlﬂﬂﬂﬂ:iﬂﬂﬂmm’ﬁllﬂ.ﬂ?llsillitIHliﬁﬂﬂﬂllﬁﬂHﬂ‘lﬂﬂﬂﬂllﬂ!!ﬂﬁﬂ!ﬂﬂilﬁﬂlﬂﬂllﬁli!ﬂi?lmlﬂmllkﬂﬁ'lﬁﬂ

“C12 -8 -4 0 4 8 i2 16 20 24 28

a, deg

{e) Concluded.

Figure 6.- Continued.

59



60

EHnmE i
- p B maa

o .ﬁﬁggﬂtﬁﬁsﬁsmmnmmaai
nﬁﬁ&%iﬁﬁﬂhﬂ%ﬁ"mmmm&l
ﬁﬁﬁfﬁ@ﬁ ._@E ?»‘; ‘Ii@@ii it

liﬁi Eﬂﬁﬁ‘ HRHEE ;

%‘%&@ﬂﬂﬁiﬁﬁﬁﬁﬁﬁﬂl :
-!ﬂli T A R R SERIEH IRCIR MM EE R
‘§i A Rl

T R B
B R N

kgagnmmma;a'wlwegh&rwsuw;ghur
B
mgm L .ummnm

e
i mwmmmmmmmwmmmmmmmmm
ﬁiﬁ?ﬂiEﬁi!ﬁﬁﬁiﬂﬂﬁhﬁﬁﬁiﬂﬂﬂ’tﬁﬁﬁ!ﬂﬁm}ﬁmﬂﬁlfﬁﬂiﬂ mmmm A i R
i Em?hﬁﬁ‘bf‘élu ii&ﬁ&ﬁxiﬁ“iﬂiiﬁé""!“ﬂ“@i“ AR e ﬁid&ﬂ!ﬂ R R R
6 s Eﬁiiﬁﬁ:ﬁ&éﬁ &E W ﬁﬁﬂ&ﬂﬁﬁnﬁi i S R R
b iﬂil R nuummm ‘
r“:i? %%ﬁﬁﬂ‘ﬁ‘ﬁﬂiﬁﬂﬁﬁﬁﬁm i

i ﬁii“ﬂﬁﬁﬁ #’é&ﬁﬁﬁﬂiiﬂi’ﬁiﬂﬂﬁﬂﬁﬁﬂlﬁ
”iiﬁﬁﬁsﬁﬁ%tﬁﬂﬁw‘ﬁﬂiﬁﬂﬁlﬁﬂﬁ*lﬂﬁﬁdﬁﬂllﬁﬂﬂ’nﬁ‘ﬂ‘IWM.MH!IIB!HHB!FHHE e R
ﬂiﬁﬂ L T S TR A
’iiﬁi! B Bﬁﬁilﬁimﬂﬂli’l&"‘- et BRI, o, < BHIAali e
i.."’ =é¥§§'§§3§;h§., né!’!ﬁ**' *§~!§‘¥1¥L: i

‘:_“;‘-‘ = ‘~,

gﬁlgfiiigﬁ... o R R S
A gk e e
i e @mmm&mmmm (i g
3 B A i
s@imzm;ﬁzsm&!aaamaa;mﬁnmmﬂmmmnalmnumummm:mam i
1 S e R B e
i e e R R

2 -8 -4 0 4 8 2 6 20 24 28

a, deg

) M =463

Figure 6.- Continued.
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Figure 6.- Concluded.
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